The words "dark matter" are a shorthand for an enormous range of evidence indicating (a) that various astronomical mass-to-light (M/L) ratios are larger than can be accounted for by visible stars and gas at any temperature and (b) that M/L systematically increases as one measures it on larger and larger distance scales. The evidence is reviewed historically and attention given to the range of possible gravitating substances (collectively "dark matter candidates") that might make up all or part of the stuff. A handful are currently taken seriously, but the total inventory is at least several dozen. Dark energy comes at the end, but is also to be taken seriously.
INTRODUCTION
Both the concept of dark matter ("unenlightened stars" according to Edward Pigott (1) in 1805) and evidence for some forms of it (companions of Sirius and Procyon and outlying gas giants in the solar system, associated with the names of Bessell, Adams, and LeVerrier in the 1840s) are older than any reader of this paper. Jeans wrote of dark stars (outnumbering light stars 3:1) in 1922, and Kapteyn wrote of dark matter ("quantity not excessive") in the same year. The first observation generally mentioned in dark matter reviews is Fritz Zwicky's 1933 analysis of his own measurements of velocities of galaxies in the Coma cluster (2), which lead (via a virial theorem) to a ratio of mass to light near 100 in solar units, using a modern distance scale. He wrote of "dunkel materie" and supposed it to consist of gas and faint stars. The present author does not quite remember the era of Kapteyn and Jeans but knew Zwicky near the end of his career and the beginning of hers .
Forty years later, measurements of masses of galaxies from rotation curves, binary pairs, cluster velocity dispersions, and other indicators had accumulated to the point where two brief 1974 reviews by an Estonian trio (3) and an American trio (4) tipped the consensus of the community in favor of large quantities of matter that neither emitted nor absorbed its fair share of light and that was much less concentrated toward the centers of galaxies than the luminous stars and gas. An extrapolation of their M/L vs. scale relations reached the density needed to close the universe at somewhere around the Hubble radius.
An expectation that the total density would be the closure one, but with only 5-10% of the matter luminous, also took hold, particularly in light of the predictions of inflation theory early in the 1980s that space should be flat. James Gunn, Richard Gott, David Schramm, and Beatrice Tinsley (5) in the same year made a strong case for the total density being only 20-30% of the critical value, setting up a sort of observers vs. theorists (yes, they counted as observers in this context!) confrontation which held for a couple of decades. Their arguments pertained partly to baryons and partly to any sort of matter, and, with a current value of the Hubble constant, their considerations of big bang nucleosynthesis, the age of the universe, and so forth still apply. Reconciliation of the two views has come through the (gradual) acceptance of a non-zero cosmological constant, or its variants, quintessence, dark energy, etc., which contribute to flattening space but not to velocity dispersions or to nuclear reactions. Not reaching the critical matter density can be associated with (but not attributed to) the lack of structures on distance scales large than 150-200 Mpc. The universe is not fractal beyond superclusters, filaments, and voids (6).
An early theoretical argument for dark matter was the need for massive spherical halos to suppress bar instabilities in disks (7). This has been re-evaluated from time to time, but in any case, modern opinion is far more swayed by the need for dark matter (and indeed dark energy) in order to arrive at a satisfactory scenario for the formation of galaxies and clusters from the very small density fluctuations present at the time of recombination. Crudely, the idea is that linear perturbations can grow only linearly with (1+z) -1 , so we would need something like 10 -3 fluctuations in density at z = 1000 to grow to non-linear ones now, but the near-isotropy of the CMB (Cosmic Microwave Background) requires that the actual fluctuations be only parts in 10 5 not parts in 10 3 . The literature of galaxy formation is simply enormous, and (8) is just a random recent paper to get you into the system.
The total topic of dark matter transcends enormity in its accumulated (and exponentially increasing) literature. I have provided earlier snapshots in 1987 (9), 1988 (10), 1993 (11), and 2002 (12) and more extensive historical material in 1990 (13) and 1995 (14) . In addition, from 1997 onward, each of the reviews "Astrophysics in 1997" to "Astrophysics in 2003" (15) has had a section of dark matter candidates and cosmological models, including the momentary favorites (which have changed with time), new promising candidates (like self-interacting dark matter, which came and went very
